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Abstract 
The ParaDNA® Intelligence Test enables STR profiling directly from human biological samples and 
evidence items collected from crime scene in 75 min. Designed for non-expert use this system allows 
DNA information to be available to investigators before it would typically be available from a 
laboratory. The ParaDNA Intelligence Test system amplifies D3S1358, D8S119, D16S539, D18S1358 
and TH01 STR loci and the gender typing locus amelogenin and detects the alleles present with 
HyBeacon1 probes. Individual DNA samples from 381 UK Caucasian individuals were analysed using 
AmpFlSTR1 SGM Plus® and the ParaDNA Intelligence Test with the derived STR profiles compared. 
Here we describe the high level of concordance demonstrated between the two systems and discuss 
this with reference to allele frequencies and the discriminatory power offered by the ParaDNA 
Intelligence Test. 
 
Keywords: Short tandem repeat, STR, DNA typing, Rapid DNA, ParaDNA, Direct PCR 
 
Introduction 
Short tandem repeat (STR) profiling remains the standard method for forensic identification of 
individuals and many commercial kits are now available [1]. The ParaDNA Intelligence Test is a novel 
STR profiling kit developed specifically for rapid DNA profiling by DNA melt analysis [2]. It is designed 
to enable rapid DNA profiling in the hands of non-expert users for intelligence driven investigation 
using the same platform as the recently launched ParaDNA Screening System [3].  
The ParaDNA Intelligence Test system amplifies D3S1358, D8S119, D16S539, D18S1358 and TH01 
STR loci and the gender typing locus amelogenin across 4 independent PCR reaction tubes. Template 
material from human biological samples and evidence items is transferred into the four reaction 
tubes using the ParaDNA Sample Collector. DNA is released by direct lysis of cellular material and the 
five STR loci amplified in a series of PCR reactions performed on the ParaDNA System. The alleles 
present are detected by DNA melting analysis with HyBeacon probes which bind the STR amplicons. 
The temperature is then raised and the probes de-nature from their STR targets at a melting 
temperature (TM) specific for the number of repeats, signalled by a drop in fluorescence [2]. STR 
profiles are called automatically and displayed by the ParaDNA Intelligence System software, which 
also provides profile searching and comparison functions.  
Discounting the occurrence of null alleles, the allele range at each locus detected and reported by 
the ParaDNA Intelligence Test is anticipated to cover 94.13% expected alleles at these loci, based on 
allele frequencies from sample populations [4–6]. A further 5.76% more rare alleles with repeat 
numbers above these ranges are also detected but cannot be resolved. Therefore the highest allele 
reported in each range is described as a number of repeats (n) plus any larger alleles which might be 
present (hence n+). 
Concordance studies between STR typing kits are conducted during the developmental validation to 
confirm the validity of data produced by each with reference to others [7,8], in particular to detect 
the presence of mutations such as single nucleotide polymorphisms(SNPs)or deletions that might 
affect primer binding, thereby causing null alleles [9]. Concordance studies are typically conducted 
on a number (typically several hundred or more) of samples from individuals in a reference 
population or population subgroup using one profiling kit for which profiling data has been obtained 
using another product, thus establishing concordance between the profiles generated by the two 
products [4,10,11]. In addition, population studies can provide data on allele frequencies anticipated 
in the reference population or populations [5,6,12]. 
This report describes the high level of concordance demonstrated when DNA samples from 381 UK 
Caucasian individuals were profiled using the ParaDNA Intelligence Test compared with AmpFlSTR 
SGM Plus. 
 
Materials and methods 
Anonymous DNA samples were obtained from 381 UK Caucasian individuals in the European 
Collection of Cell Cultures (ECACC) Human Random Control (HRC) panel supplied by Public Health 
England (PHE: Cat# 60 41302-5). Further samples representing some previously characterised 
examples of sequence microvariants were analysed from the ECACC Ethnic Diversity Panel (Cat# 
7020701p). The ECACC panel is comprised of purified DNA from EBV transformed lymphoblastoid 
cell lines derived from unrelated, random, UK Caucasian blood donors. STR profiles were obtained 
using AmpFlSTR SGM Plus PCR Amplification Kit (Life Technologies: Cat# 4307133) by PHE following 
manufacturers conditions with confirmation of certain samples by LGC. A single ambiguous sample 
was profiled for Y chromosome STR (PowerPlex1 Y23 System, Promega: Cat# DC2305) and 
autosomal and Y contributions quantified (Plexor1 HY System, Promega: Cat# DC1001) to confirm 
gender identification.  
This population was chosen as a relevant, well characterised population group upon which to 
conduct this concordance study [5,6]. Similar studies have sampled similar numbers of individuals 
from single [13,14] or multiple ethnic groups [4,8,9] represented within their geographical location. 
Purified DNA was added directly to AmpFlSTR SGM Plus PCR and profiles analysed as per the 
manufacturers recommended and PHE or LGC standard protocols. Sample DNA (4 ng total) in TE 
buffer was applied to the ParaDNA Sample Collector and dried in air for 1 h before addition to the 
ParaDNA Intelligence Test reagents in the 4 well tube reaction ( 1 ng per reaction tube). ParaDNA 
Sample Collectors were then sealed into ParaDNA Reaction Plates and loaded onto the ParaDNA 
System. Amplification, data collection, allele calling and profile generation were performed on the 
unit under the control of ParaDNA Intelligence Software (Version 1.1). Further analyses were 
performed when required using custom development software packages for the visualisation and 
analysis of melt curves. Samples that did not yield a full ParaDNA profile of 12 alleles or that gave a 
profile that was discordant with that obtained from the AmpFlSTR SGM Plus profile were repeated 
to confirm the result with the consensus profile used to compare concordance. 
Loci were tested for departures from Hardy Weinberg expectations (HWE) using Genepop software 
[15,16]. Polymorphism Information Content (PIC) was calculated in Excel following [17]. Probability 
of Identity (PI) was calculated using ApiCalc [18]. Power of Discrimination (PD) and Power of 
Exclusion (PE) were calculated following [19]. 
 
Results 
Of the 381 UK Caucasian samples tested more than 99.8% of consensus allele calls were concordant 
with the AmpFlSTR SGM Plus profile, as displayed in Table 1 below. Two loci, D16S539 and 
amelogenin had allele calls which were completely concordant while others had a low number (<1%) 
of discordant allele calls. In total 98.4% of samples gave a consensus five STR profile concordant with 
that produced by AmpFlSTR SGM Plus.  
Of the concordant allele calls 6%, fell within the n+ designation used by the ParaDNA system to 
identify alleles above the measurable range. The majority of calls in this designation were at the 
TH01 locus (9.3+) for which the frequency of alleles in this population with 9.3 or more repeats was 
approximately 34%.  
Repeated typing of 41 (11%) samples was performed to confirm instances of allelic dropout. Of 
these a discordant result was confirmed in 6 samples as detailed in Table 2. The remaining samples 
returned concordant profiles on repeated typing. In total 0.15% of allele calls produced by the 
ParaDNA Intelligence Test were discordant with AmpFlSTR SGM Plus. The observed discordance and 
underlying causes of the variations are listed in Table 2.  
One reason for the discordance between the ParaDNA Intelligence Test and AmpFlSTR SGM Plus is 
the occurrence of microvariants. Only a single sample with a microvariant was observed in the 381 
UK Caucasian samples tested for this study, a TH01 8.3 allele, which indicated a 9 allele (Table 2). 
However further examples of microvariant samples were analysed from the ECACC Ethnic Diversity 
Panel (data not shown), with a similar result for another sample with an 8.3 allele at TH01. Another 
sample with 14.2,18 alleles at D18S51 (data not shown) produced a “not called” result for the 
variant allele (18, ), or indicated a potential mixed profile depending on the signal strength. 
Microvariant sequences were confirmed by DNA sequencing (data not shown).  
A further cause for discordance observed in these data was the occurrence of one sample with a 
D3S1358 profile of 11, 17. As the 11 allele is below the range detected by the assay the 11 acts as a 
null allele and the profile displayed was 17,-- , as the signal strength for the 17 allele was below the 
threshold level to call a homozygote.  
Four further samples gave ParaDNA Intelligence Test profiles that were discordant with those 
generated by AmpFlSTR SGM Plus. Three were due to samples being called with dropout by the 
ParaDNA Intelligence Test software due to large heterozygote imbalances (data not shown). The 
fourth sample was called as a mixture due to the presence of a large stutter peak (data not shown). 
A single sample indicated an AMEL profile X, -- with the ParaDNA Intelligence Test when an X, Y 
profile had been expected according to the profile supplied by PHE). Re-profiling at LGC with 
AmpFlSTR SGM Plus indicated a profile of X, X. Further typing with a Y chromosome STR profiling 
system (PowerPlex Y23) and Y chromosome quantification (Plexor HY) confirmed only trace male 
DNA contribution (data not shown). This suggests that this sample was a male exhibiting a high 
degree of allelic dropout of the Y chromosome (possibly due to chromosomal abnormalities arising 
during cell culture) or a female sample with a low level of male DNA contamination (Table 2). 
Allele frequency data generated by the ParaDNA Intelligence Test (Table 3) indicated a similar 
distribution of alleles to those measured using the AmpFlSTR SGM Plus [5,6]. The multi-locus 
probability of identity (system PI), calculated by multiplying the individual PI values of each locus, is 
often used as a measure of the discriminatory ability of a profiling system [18]. The PI for the 
ParaDNA Intelligence Test system was calculated at 3.71  x10-7 suggesting the average probability of 
observing a random matching profile (PM) from this population was about 1 in 2.7 million. The PI for 
the same samples profiled at these loci using AmpFlSTR SGM Plus was 3.39  x 10-7 or 1 in 2.95 
million, with the increase in discrimination due to the ability to identify more, rarer alleles. With the 
full range of eleven loci profiled using AmpFlSTR SGM Plus the PI was calculated as 1.11 x 10-13. 
Deviations from HWE were observed at the D18S51 and D3S1358 loci which were not observed 
when the corresponding AmpFlSTR SGM Plus data was analysed. This is largely due to the reduced 
confidence when calling homozygotes leading to a reduction in the observed number of homozygote 
calls compared to the expected frequency calculated from HWE. 
 
Discussion 
More than 99.8% of consensus allele calls produced by the ParaDNA Intelligence test were 
concordant with the allele calls produced by AmpFlSTR SGM Plus, as displayed in Table 1. This high 
level of concordance in allele calls is similar to the levels of concordance observed when other STR 
typing assays are compared, for example the published concordance of 99.7% between AmpFlSTR 
Identifiler and AmpFlSTR Minifiler [10], 99.77% between AmpFlSTR Identifiler and a custom Mini STR 
assay [11] and 99.97% between PowerPlex ESI 16 and AmpFlSTR SGM Plus [13]. The ParaDNA 
Intelligence Assay can therefore be considered to have high concordance of allele calling with a UK 
standard STR typing kit.  
Of the concordant allele calls, 6% fell within the n+ designation. These allele calls are considered 
concordant with AmpFlSTR SGM Plus allele calls as the n+ designation encompasses any alleles at 
that locus with a higher number of repeats when analysed and displayed within the ParaDNA 
Intelligence Software. Work to further resolve alleles within this designation is planned.  
The data also included a number of samples (85 or 22.3% of samples; 2.3% of alleles) which 
displayed “uncalled” (--) at one or more loci as they contained homozygous alleles which were below 
the fluorescence threshold at which they could be confidently called as homozygotes. These were 
not treated as discordant as they did not display an incorrect allele call, rather not displaying the 
second (homozygous) allele which had been called by AmpFlSTR SGM Plus. These thresholds were 
set conservatively ie. to avoid incorrectly calling a homozygote in the case of a sample which might 
show dropout of a heterozygous allele. This hence led to some instances of uncalled alleles ( ) in the 
allele frequency data in Table 3. As the homozygote cannot be confirmed in these instances some 
data is lost, contributing to the increased likelihood of observing a random match (PM) compared to 
AmpFlSTR SGM Plus observed. The ParaDNA Intelligence Software searching and comparison 
functions use a series of rules to widen the search criteria (wildcards) in this instance [20].  
Seven allele calls (0.15%) were discordant with the AmpFlSTR SGM Plus profile as indicated in Table 
2. One reason for discordance between the ParaDNA Intelligence Test and AmpFlSTR SGM Plus is the 
occurrence of microvariants. The most common microvariant, the 9.3 variant in TH01 [4–6], is 
correctly called as 9.3+ by the ParaDNA Intelligence Test. However due to the lower resolution of 
melting curve analysis compared with capillary electrophoresis (CE), other microvariants may not be 
distinguished from full repeat variants by the Para DNA Intelligence Test. This is the case in the 
example in Table 2 of a sample with a 8.3 allele in TH01 which was called as a 9 allele.  
Further examples of microvariant samples the ECACC Ethnic Diversity Panel were analysed (data not 
shown), with similar results for another sample with a 8.3 allele at TH01. Such microvariants are 
likely to result in a discordant allele call upon direct comparison with the AmpFlSTR SGM Plus allele 
call. In contrast, a sample with 14.2, 18 alleles at D18S51 (data not shown) produced a “not called” 
result for the variant allele (18, --) or indicated a potential mixed profile depending on the signal 
strength. This is due to the 14.2 variation falling between the 14 and 15 allele bins whereas a 14.3 
allele would lie closer to the larger allele bin. Thus in some cases a microvariant will cause a “not 
called” result. 
The occurrence of microvariants for these five loci (other than TH01 9.3) is generally low in the 
population. In a review of studies containing allele frequencies for several of the major ethnic 
population groups in the UK and US the total frequency of microvariants in all five loci used in the 
ParaDNA Intelligence Test was less than 0.1% [4–6]. In addition the ParaDNA Intelligence Software 
searching/comparison functions use a series of rules to widen the search criteria, thereby mitigating 
this potential issue [20].  
One other cause for discordance observed in this data was the occurrence of one sample with a 
D3S1358 profile of 11, 17. As the D3S1358 11 allele is below the range detected by the assay it is not 
observed (a null allele) and the profile displayed was 17--, as the signal strength for the 17 allele was 
below the threshold level to call a homozygote. The occurrence of alleles below the range of the 
assay is generally low in the population. The expected frequency of null alleles due to this cause in all 
five loci used in the ParaDNA Intelligence Test combined was less than 0.05% [4–6]. Work to extend 
the working ranges of the ParaDNA Intelligence Test assays and detect alleles below the current test 
ranges is planned.  
Four further samples gave ParaDNA Intelligence Test profiles that were potentially discordant with 
those generated by AmpFlSTR SGM Plus. These were due to samples being called with dropout or as 
mixtures by the ParaDNA Intelligence Test software due to large heterozygote imbalances or stutter 
peaks (data not shown). It is likely that in a small number of cases this effect is difficult to avoid, 
again due to the resolution of the melting analysis. However allele calling in the ParaDNA 
Intelligence software is set conservatively to avoid incorrect calls being made with the result that 
some information is lost rather than incorrect calls being made.  
A similar distribution of allele frequencies was measured using the ParaDNA Intelligence Test as 
AmpFlSTR SGM Plus. These were also very similar to previously published allele frequencies data 
from a UK Caucasian population [5,6]. Similar distributions of allele frequencies at these loci have 
also been reported from UK Afro-Caribbean and Asian populations [5,6] and US population groups 
[4].  
The PI was estimated for the population based on the allele frequencies for the ParaDNA Intelligence 
Test [15]. The likelihood of an adventitious match was estimated at a mean of approximately 1 in 2.7 
million. This is considered to provide a useful discriminatory capability for intelligence led 
investigation.  
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Table 1: Concordance of ParaDNA Intelligence Test allele calls with AmpFlSTR SGM Plus allele calls across the 5 shared loci. 
a 
a Of the concordant allele calls, around 6%, fell within the n+ designation used by the ParaDNA system to identify alleles above the measurable range. As 
these alleles were not misidentified they are still deemed concordant. 
 
Table 2: Summary of potential discordances observed between ParaDNA Intelligence Test and AmpFlSTR SGM Plus allele calls. Two instances of discordance 
(1 and 2) were caused by microvariants and an allele below the detection range. Four potential discordances were caused by heterozygote imbalances or 
high stutter in particular samples (repeated measure confirmed result).
a 
a single sample (nominally from a male donor) indicated a X, X profile using the ParaDNA Intelligence Test. Re-testing at LGC with AmpFlSTR SGM Plus 
confirmed a profile of X, X. 
 Table 3: Allele frequencies for the five STR loci in the ParaDNA Intelligence Test measured 
from 381 UK Caucasian individuals. 
 
a All descriptive statistics were obtained from allele frequency data when treating the uncalled data 
as missing data. The proportion of uncalled data is also provided. Ho: Observed Heterozygosity, He: 
Expected Heterozygosity, p: probability that values depart from HWE expectations, PIC: 
Polymorphism Information Content, PI: Probability of Identity, PD: Power of Discrimination, PE: 
Power of Exclusion. 
